FOCUS
nal curvature caused by disorders of the muscles, brain, and/or spine. Common conditions associated with neuromuscular scoliosis are cerebral palsy, myelodysplasia, and muscular dystrophy. Patients with these conditions and associated scoliosis present unique challenges to surgeons. Higher degrees of disability and comorbid conditions may contribute to the reported higher complication rates. However, despite these challenges, surgical correction of these scoliotic curvatures provides benefit to patients; therefore, it is paramount to focus on reducing complications to minimize adverse patient outcomes. In an era in which hospital reimbursement is increasingly tied to hospital length of stay and complications, it is important to analyze surgical outcomes in greater detail as well. 6, 29, 37, 42 The Scoliosis Research Society (SRS) is a global society of professionals involved in treating scoliosis with the aim of optimizing surgical treatment of spinal deformity. The SRS established an international database of complications for its fellows to report case data for this specific purpose. The SRS Morbidity and Mortality (M&M) database is now one of the largest registries in the world, with thousands of cases reported each year. It has been validated multiple times and is comparable to databases such as the National Surgical Quality Improvement Program (NSQIP). 12, 21, 33, 34 Previous research, such as that from MacEwen et al., 20 has examined complications for adolescent idiopathic scoliosis over a decade, while more recent research from Smith et al. 33, 34 and Hamilton et al. 12 has investigated all SRS data for shorter periods of time.
Similarly, this report seeks to use the SRS M&M database, but specifically for patients with neuromuscular scoliosis over a 12-year period, to take a closer look at trends in complications and management.
Methods

Data Collection
Using the SRS M&M database, we performed a retrospective analysis of patients with neuromuscular scoliosis undergoing spine surgery from 2004 to 2015. Data for the SRS M&M database are obtained from cases self-reported by fellowship-trained surgeons who are active, international, or candidate members of the SRS. Active membership in the SRS requires surgeons to complete a 5-year candidate membership period. Candidate members are required to submit all spine case data, including M&M, during that period. Candidacy is not affected by complication rate or type. Active members are also encouraged to submit cases. Recently, compliance has been as high as 80%-90%. 9 Material for the database is collected using online questionnaires. All information is subsequently deidentified. The Western IRB for Shriners Hospitals determined that this study was exempt from approval. The SRS has put in considerable effort to create a database that has utility for clinicians and researchers. With that mission in mind, they reformed their data collection in 2008. For this reason, the database was closed to submissions for most of 2008. Due to the reorganization, data from 2009 onward were categorized differently. Many areas of interest were not affected; however, others were added, eliminated, or Although the specific categorization of variables differed by time period, the overall fields included were consistent. Metrics for 312 variables were recorded, including but not limited to age, sex, curve magnitude, diagnoses, levels instrumented, type of complication (infection, bleeding, medical, neurological injury, mortality), and reoperation. When specific complications were identified, more data fields were requested, such as type of infection, bacteria, duration of treatment, and course. However, follow-up was somewhat limited as entries were made annually and longer follow-up was not solicited.
Results
Demographics
A total of 29,019 cases of neuromuscular scoliosis surgery were recorded in the SRS M&M database between 2004 and 2015. Of those cases, 1385 were associated with a complication. This equates to a 6.3% overall complication rate when excluding the less-robust data from 2008 to 2011. The mean age for each year's cases with complications ranged from 13.5 to 17.2 years (Table 1) . Sex was recorded in the database starting in 2007. Sex distribution ranged from 35.3% to 55% female ( Table 1 ). The top 3 neuromuscular scoliosis diagnoses recorded for patients with complications were cerebral palsy (n = 601), myelodysplasia (n = 202), and muscular dystrophy (n = 102). Other less commonly specified categories included spinal muscular atrophy, posttraumatic, tumor, Rett syndrome, and Friedreich's ataxia. An "other" category (n = 267) was for conditions not specified in the questionnaire.
When comparing patients with complications from 2004-2007 and 2012-2015, there was no significant difference in the percentage of total procedures that were fusions. However, there were significant increases in the percentage of total fusions that were posterior only (p < 0.01) and lumbar interbody (p < 0.01). Posterolateral approach (p < 0.05) along with anterior-only approach (p < 0.05) showed significant decreases in use. In terms of other surgical techniques, the use of implants (p < 0.05) and osteotomies (p < 0.001) have become increasingly prevalent in complication cases. The percentage of revision procedures associated with complications was also quite high (10.3%-14.2%), but no data exist for revisions after 2008. Lastly, intraoperative neuromonitoring (IONM) was used in 55.8% ± 5.6% of the complication cases over the entire period but showed no significant change in usage throughout.
Preoperative spine curvature was reported starting in 2007. Curvature was logged in intervals of 10°. Figure 1 highlights the severe degree of preoperative spinal deformity in patients with complications following neuromuscular scoliosis surgery. The mode of preoperative curvature for 2007-2015 was 71°-80°, with 65% of cases at or above 71° of curvature ( Fig. 1 ).
Complications
The overall complication rate decreased by approximately 10% from 2004-2007 to 2012-2015. The drop in complications came most notably from a decrease in wound infection rate by approximately 2% over the same time and from an overall decrease in other complications (Table 2) . Accordingly, both superficial and deep wound infection incidence decreased significantly (p < 0.001).
In 2012, the SRS added a microorganism specifier for infections. Microorganisms were classified as gram-negative or -positive and then further subclassified. There was no difference in the percentage of infections attributed to gram-positive or -negative from 2012 to 2015. Methicillinsensitive Staphylococcus aureus (MSSA) was the most commonly implicated organism, associated with 34.7% of the cultured wound infections. Two gram negatives, Escherichia coli and Pseudomonas, were the next highest at 17.7% and 12.5%, respectively, with methicillin-resistant S. aureus (MRSA) at 10.5%. The percentage of infection caused by each microorganism remained relatively stable from 2012 to 2015.
Over the same 4 years, the duration of oral and intravenous antibiotics was also recorded in the database. Intravenous antibiotics were used for 40-57 days, while oral antibiotics were used for 94-102 days. Cephalosporin was the most commonly used antibiotic, listed in 27.9% ± 6.2% of cases, followed by vancomycin at 16.5% ± 3.8% and fluoroquinolones at 15.6% ± 5.5%. Another infectioncontrol method recorded from 2012 on was wound infection washout. During the final 4 years, washouts were performed at least once in 84% ± 3.0% of patients with infection. For those patients who had washouts, 27% had 3 or more washouts total. One final point of interest about infections is that even though they are decreasing overall, they are making up an increasingly larger proportion of total complications (p < 0.0001; Fig. 2 ).
Complications besides infection have a large role in morbidity and mortality as well. We looked more specifically at death, venous thromboembolism (VTE), other pulmonary complications, implant-related complications, neurological deficit, sepsis, epidural hematoma, and dural tears. However, there was only a significant decrease in other pulmonary complications (i.e., nonpulmonary embolism) and implant-related complications (Table 3) .
Discussion
Previous research has shown that neuromuscular scoliosis complication rates are considerably higher than those reported in this study. 23, 29, 31 The SRS M&M database has produced somewhat lower results of complications in the past when compared with other databases such as the NSQIP, but the studies that demonstrated these differences still validated the SRS M&M as a resource. 12, 21, 33, 34, 39 The differences in our results are possibly due to an underreporting of medical complications. Because the SRS M&M database is a self-reported database, there is an inherent bias toward immediate surgical complications rather than other, possibly latent, medical complications. Furthermore, the annual reporting of complications limits follow-up of these patients and may inherently limit reporting of delayed complications. Nonetheless, a trend of significant decline in complications was consistently reported throughout the study. In this study, we used records from the SRS M&M database (2004-2015) to examine complication rates in patients with neuromuscular scoliosis following spine surgery. Our study shows a 3.5-fold decrease in overall complication rates, from 14.75% ± 1.3% in 2004-2007 to 4.08% ± 0.4% in 2012-2015. A closer look at complications shows a significant decrease in wound infections (superficial and deep), respiratory complications, and implant-associated complications.
Surgical site infection (SSI) in patients undergoing corrective surgery for neuromuscular scoliosis has been reported in 5%-20% of patients. 18, 34, 35 We report an incidence of wound infection from 2004-2007 of 5.7% ± 0.3%, similar to the 5.6% incidence rate of wound dehiscence and SSI during primary hospitalization reported by Rumalla et al. 29 Our data for superficial (1.8%-1.9%) and deep (3.5%-4.1%) wound infection (2004-2007) parallel the previously reported data from Smith et al. 34 and are slightly lower than infection rates from a study of patients with only cerebral palsy. 18 The novelty of this study lies in the more recent time interval (2012-2015) and its comparison with the data above.
From 2012 to 2015, data from the SRS database showed an infection rate of 3.2% ± 0.3%. These values, along with superficial (0.55%-1.0%) and deep (2.0%-2.7%) infection rates, are significantly lower than those reported in 2004-2007. Limited evidence exists to validate these trends, but they are very promising. An explanation for these results may be found in the continuous body of research aimed at prevention of complications and infection. Extensive research has been conducted to create standardized, evidence-based protocols for all aspects of surgery. 35 Literature such as that from the North American Spine Society has confronted topics such as patient education, nutritional status, and antibiotic prophylaxis, while other studies are surfacing on interwound antibiotic application, implants, and surgical approach benefits. 1, 10, 11, 24, 28, 32, 34 In 2012, the SRS began recording data regarding antibiotics, wound washout, and microorganisms. All data given as percentages. * p < 0.05.
but no significant changes in use were noted from 2012 to 2015. 22 The SRS records indicate that 84% of SSIs used washouts, while 27% required 3 or more. Other strategies such as dressing changes, wound vacuums, and instrumentation exchange have shown efficacy in eradication of infection but were not investigated in this study. 2, 17, 36 In terms of microorganisms, gram positives and gram negatives were implicated equally in cultured infections. MSSA (34.7%), E. coli (17.7%), and Pseudomonas (12.5%) were the 3 most common bacteria detected. Of note, MRSA was present 10.5% of the time. There is great variation in the literature about bacterial speciation, but these are the main organisms consistently reported. 24, 36, 41 Continued insight into their prevalence can guide management principals.
Multiple non-infection-related categories of complications were altered or removed with the updates to the database in 2009. This created challenges while investigating trends, but the data still contained areas of interest that provided prognostic information. VTE (pulmonary embolism [PE] and deep venous thrombosis [DVT]) and sepsis were exceedingly rare occurrences, with no change in incidence from 2004 to 2015. However, respiratory complications (other than PE) decreased significantly. Respiratory complications are often cited as the most common complication following spine surgery in patients with neuromuscular scoliosis. 23, 25 These patients are predisposed to restrictive lung function because of their severe spinal curvature, 16 while other forms of disease impairment predispose to aspiration and pneumonia. Protocols to combat these risk factors have been studied and are likely reasons for the decrease in associated complications. Literature has shown that the use of nocturnal and postoperative positivepressure ventilation, early ambulation, and preoperative optimization may be preventative. 7, 15 Interestingly, as noted in Table 1 , implant usage in complication cases increased significantly during the study period, to approximately 90% over the final 4 years of this study. However, implant-associated complications decreased by 1.5% over the same time. There are no largescale studies to examine the mechanisms behind this phenomenon, but some working hypotheses may attribute it partly to the use of vancomycin powder, difference in technique, and titanium/cobalt chrome implants. 1, 10, 11, 24, 32 These variations likely prevent the growth of interwound bacteria and decrease mechanical implant failure.
The relative abundance of spine surgery has welcomed changes to the approaches and equipment used in the operating room. Spinal fusion was used in approximately 80% of the complications in this study with no change over time. When fusion is broken down by its different approaches, trends begin to appear. The posterior-only approach is the most commonly used and showed increasing prevalence throughout the study period. Interbody approaches are newer and less commonly used, but they also showed significant increases. Anterior-only and posterolateral approaches were significantly less common over the same time period. These trends are likely a result of new techniques and innovation impacting the greater body of spine surgery preferences. There are considerable data on the risks and benefits of certain approaches, particularly anterior, which has previously shown higher complication rates. 13 Other surgical techniques also showed changes throughout the study. Although the use of osteotomy and implants has previously been associated with higher complication rates, both increased from 2004 to 2015 even though complications decreased. Surgeon preference and degree of pathology play a role in those data, but further discussion of the reason for their increases is beyond the scope of this report.
Lastly, IONM usage was unchanged throughout the 12-year study. Rumalla et al. 29 had previously shown increasing utilization from 2007 to 2011; however, their data were based on ICD-9-CM coding for IONM. ICD coding for IONM was not created until 2007 and thus may have involved a lag time for reliability.
The present study is not without limitations. Although the database contains prospective data, the analysis was performed retrospectively. The data are also self-reported. The nature of complication data lends itself to reporting biases. Obviously, participating physicians may underreport their surgical complications, but there are many reasons for underreporting of medical complications. The simplest explanation is the variance on what constitutes a complication. Surgeons may not be as immediately focused on medical complications. Yearly reporting of cases to the SRS database and overall latency of some medical complications could contribute to shorter follow-up times and decreased complication rates. As previously mentioned, there were substantial changes to the SRS database during the study period. In 2008, the database was shut down temporarily for reorganization. In 2009, an updated questionnaire was created, contributing to less-robust data sets from 2009 to 2011. This created a challenge during interpretation of results as new categories of data were added, while others were changed or discontinued. Changes in reporting and required fields may also account for a large component of the reduction in miscellaneous complications observed between the 2 chronological cohorts.
Although this study presents promising results in terms of decreased complication and infection rates, results need to be tempered against the limitations discussed above. The trend of improvement is encouraging as we strive to further reduce complications and optimize outcomes in this challenging patient population.
